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Description 

SYSTEM AND METHOD FOR IMPROVED 
ENGINE POSITION SENSING 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The present invention relates to a system and method for 
controlling an engine to facilitate the determination of en- 
gine position sensor correction factors. 

[0003] 2. Background Art 

[0004] The detection of misfires in an internal combustion engine 
is important for a number of reasons, including fuel econ- 
omy. When the fuel-air mixture within one or more cylin- 
ders fails to ignite, the engine may experience a measur- 
able loss of power. This loss of power, and thus the mis- 
fires, can be detected by measuring changes in the veloc- 
ity of the engine crankshaft. The velocity of the crankshaft 
can be calculated by measuring the change in the angular 
position of the crankshaft over a known period of time. 



The accuracy of the crankshaft velocity, therefore, de- 
pends on a number of things, including an accurate mea- 
surement of changes in the angular position of the 
crankshaft. 

[0005] jo measure the angular position of an engine, a variety of 
devices may be employed. For example, an encoder wheel 
having teeth or slots may interact with magnetic or optical 
sensors at predetermined points in the rotation of the en- 
gine crankshaft. Inherent in any such measurement device 
is a certain amount of inaccuracy. In order to accurately 
determine the engine's angular position, and thus the en- 
gine velocity, adjustments must be made to compensate 
for inaccuracies in the measurements obtained from these 
devices. In order to determine an appropriate correction 
factor for a position sensor measurement in an engine, it 
may be desirable to perform position measurements with 
engine combustion inhibited. This is because most non- 
uniformity of engine rotation during normal engine oper- 
ation is caused by combustion events. A method for "Cor- 
rection of Systematic Position-Sensing Errors in Internal 
Combustion Engines" is described in U.S. Patent No. 
5,117,681 issued to Dosdall, et al. on June 2, 1992, which 
is incorporated herein by reference. 



[0006] Although many vehicles today are still powered exclu- 
sively by an internal combustion engine, hybrid vehicles 
are becoming increasingly popular. For example, a hybrid 
electric vehicle (HEV) may include one or more electric 
motors that can be used to augment an engine to provide 
power to the vehicle wheels. In such hybrid vehicles, mis- 
fire detection, and therefore accurate determination of 
engine velocity and position, is still important. Therefore, 
measuring engine position with combustion inhibited- 
-i.e., when fuel is discontinued to the engine—is still de- 
sirable for determining correction factors to be applied to 
the engine position sensor. On a vehicle driven only by an 
internal combustion engine, a defueled condition occurs 
during decelerations, which can be initiated by a decrease 
in driver demand as indicated by the accelerator pedal. On 
an HEV, however, a decrease in driver demand does not 
necessarily cause a defueled condition. Therefore, a need 
exists for controlling an engine in a hybrid electric vehicle 
to facilitate determination of engine position sensor cor- 
rection factors. 
Summary of Invention 

[0007] Accordingly, the invention provides a method for control- 
ling an engine in a vehicle having a motor operatively 



connected to the engine. The method includes determin- 
ing when an engine shutdown is requested. It is then de- 
termined whether an engine position sensor correction 
factor is known. Fuel to the engine is discontinued if the 
engine position sensor correction factor is not known and 
an engine shutdown in requested. The motor is employed 
to spin the engine after fuel to the engine is discontinued, 
which facilitates determination of the engine position sen- 
sor correction factor. 
[0008] The invention also provides a system for controlling an 
engine in a vehicle to facilitate determination of engine 
position sensor correction factors. The vehicle includes a 
motor operatively connected to the engine. The system 
includes a sensor configured to cooperate with the engine 
to detect engine position. The system also includes a con- 
troller in communication with the engine, the sensor, and 
the motor. The controller is configured to command an 
engine shutdown, and to determine whether the engine 
position sensor correction factors are known. The con- 
troller is further configured to discontinue fuel to the en- 
gine after engine shutdown is commanded and the engine 
position correction factors are not known. The controller 
commands the motor to spin the engine after fuel to the 



engine is discontinued, thereby facilitating determination 
of the engine position sensor correction factors. 
[0009] The invention further provides a vehicle having a system 
for controlling an engine to facilitate determination of en- 
gine position sensor correction factors. The vehicle in- 
cludes an engine, a motor operatively connected to the 
engine, and a sensor configured to cooperate with the en- 
gine to detect engine position. The vehicle further in- 
cludes a controller in communication with the engine, the 
sensor, and the motor. The controller is configured to 
command an engine shutdown, and determine whether 
the engine position sensor correction factors are known. 
The controller discontinues fuel to the engine after engine 
shutdown is commanded and the engine position correc- 
tion factors are not known. The controller is further con- 
figured to command the motor to spin the engine after 
fuel to the engine is discontinued, thereby facilitating de- 
termination of the engine position sensor correction fac- 
tors. 

Brief Description of Drawings 

[0010] Figure 1 is a schematic representation of a portion of a 

vehicle including a system in accordance with the present 
invention; and 



[0011] Figure 2 is a flow chart illustrating a method in accor- 
dance with the present invention. 
Detailed Description 

[0012] Figure 1 shows a schematic representation of a system 10 
in accordance with the present invention. A vehicle, not 
shown in its entirety, includes an engine 12 and a motor 
14. The engine 12 and the motor 14 are connected 
through a power transfer unit, which in this embodiment 
is a planetary gear set 16. Of course, other types of power 
transfer units, including other gear sets and transmissions 
may be used to connect the engine 12 to the motor 14. 
The planetary gear set 16 includes a ring gear 18, a car- 
rier 20, and a sun gear 22. An engine shaft 24 is con- 
nected to the carrier 20, while a motor shaft 26 is con- 
nected to the sun gear 22. A motor brake 28 is provided 
for stopping rotation of the motor shaft 26, thereby lock- 
ing the sun gear 22 in place. Because this configuration 
allows torque to be transferred from the motor 14 to the 
engine 12, a one-way clutch 30 is provided so that the 
engine shaft 24 rotates in only one direction. 

[0013] The ring gear 18 is connected to a shaft 32, which is con- 
nected to vehicle wheels 34 through a second gear set 36. 
The vehicle includes a second motor 38, which is con- 



nected to the vehicle wheels 34 through a motor shaft 40 
and the second gear set 36. As seen in Figure 1, the mo- 
tors 14, 38, the planetary gear set 16, and a portion of the 
second gear set 36 may generally be referred to as a 
transaxle 42. The motors 14, 38 are connected to a bat- 
tery 43 which provides electrical power to run them. Al- 
ternatively, one or both of the motors 14, 38 could act as 
a generator, which is used to charge the battery 43 when 
the vehicle is in a regenerative mode. The vehicle archi- 
tecture shown in Figure 1 is but one of many different ar- 
chitectures that can be used with the system 10. 

[0014] For example, as mentioned above, the planetary gear set 
16 could be replaced with different types of power trans- 
fer units. In addition, a disconnect clutch could be placed 
on the engine shaft 24 to allow a mechanical disconnec- 
tion of the engine output from the vehicle wheels 34. 
Moreover, different types of electrical output devices, 
such as a fuel cell or an ultra-capacitor may be used in 
place of, or in connection with, a battery. 

[0015] a controller, or powertrain control module (PCM) 44 is 

provided for controlling the engine 12 and the motors 14, 
38. Although shown as a single unit, the PCM 44 may be 
made up of more than one controller. For example, such 



controllers may be separate hardware devices, or separate 
software controllers, such as a transaxle control module 
(TCM) configured to control the transaxle 42. As ex- 
plained more fully below, the PCM 44 communicates with 
a sensor 46, which is configured to detect the rotational 
position of the engine 12. 
[0016] The sensor 46 may be any one of number of different 

types of devices capable of measuring the angular posi- 
tion of the engine 12. For example, the sensor 46 may be 
a device that includes a rotor attached to the engine 
crankshaft (not visible in Figure 1) that has a number of 
vanes, teeth, or slots disposed thereon for interacting with 
magnetic or optical sensors at predetermined points in 
the rotation of the crankshaft. The sensor 46 communi- 
cates information regarding the angular position of the 
engine crankshaft with the PCM 44. The PCM 44 can use 
the information communicated from the sensor 46 to per- 
form a number of different functions. For example, as the 
angular position of the crankshaft is measured overtime, 
the angular velocity of the crankshaft can be calculated. 
The accuracy of the velocity calculation depends on a 
number of things, including the accuracy of the angular 
position measurement and the accuracy of the time mea- 



surement. Measurement of angular position by a sensor, 
such as the sensor 46, will inherently have some inaccu- 
racy. To compensate, correction factors can be deter- 
mined to reduce or eliminate the position measurement 
inaccuracies. 

[0017] As briefly mentioned above, it may be desirable to deter- 
mine engine position sensor correction factors with com- 
bustion in the engine inhibited. Such a state is easily 
achieved in a vehicle driven only by an internal combus- 
tion engine, since a defueled condition occurs during de- 
celerations initiated by a decrease in driver demand. On a 
hybrid electric vehicle, however, a decrease in driver de- 
mand does not necessarily cause a defueled condition. 
Therefore, the present invention provides a method for 
controlling an engine, such as the engine 12 shown in 
Figure 1, to facilitate determination of engine position 
sensor correction factors. 

[0018] Figure 2 shows a flow chart 48 illustrating a method, or 
engine control routine, for controlling an engine in accor- 
dance with the present invention. When the method be- 
gins, see block 50, the first step is to determine whether 
an engine shutdown has been requested, see step 52. In a 
hybrid electric vehicle, such as the vehicle illustrated in 



Figure 1, such a shutdown request can come from a con- 
troller, such as the PCM 44, or it may be initiated by a ve- 
hicle operator. For example, if the PCM 44 receives signals 
indicating that driver demand for power to the vehicle 
wheels 34 is low, the PCM 44 may command shutdown of 
the engine 12 while the vehicle is still operating. In this 
state, one or both of the motors 14, 38 may be used to 
provide power to drive the vehicle wheels 34. 
[0019] it is worth noting that an engine shutdown may not always 
be commanded each time the engine is not required to 
drive the vehicle wheels. For example, the engine 12 may 
be required to run an air conditioning system, or a combi- 
nation of vehicle systems, in which case, the PCM 44 will 
not command an engine shutdown. When neither the PCM 
44, nor a vehicle operator, requests an engine shutdown, 
the engine control routine is ended, as indicated in the 
block 54. 

[0020] if an engine shutdown is requested — e.g., when the vehi- 
cle is operating, but the engine 12 is not needed to drive 
the vehicle, or when a vehicle operator turns the vehicle 
ignition switch to an off position—the engine control rou- 
tine moves to step 56. In step 56 the PCM 44 determines 
whether a number of conditions have been met. For ex- 



ample, it may be first determined whether the engine po- 
sition sensor correction factors are known. In the logic 
programmed into the PCM 44, this condition may be 
stated in the negative— i.e., the determination may be 
whether the correction factors are unknown. If the answer 
is yes, the engine control routine will continue; if the an- 
swer is no, and the correction factors are known, the en- 
gine control routine ends, see block 54. 

[0021] one or more additional conditions may be tested by the 
PCM 44 before the engine control routine is allowed to 
continue. For example, the temperature of the battery 43 
may be checked to determine whether or not it is at least 
as high as a predetermined temperature. This may be im- 
portant, since a battery that is too cold may not be able to 
adequately power the motors 14, 38. In such a situation, 
the engine 12 would need to continue to supply power to 
the vehicle wheels 34 and/or other vehicle systems. Thus, 
the engine control routine would be ended, see block 54. 
Similarly, the PCM 44 may determine whether the voltage 
of the battery 43 is at least a predetermined voltage, and 
whether the discharge level of the battery 43 is at least a 
predetermined discharge level. 

[0022] Additional conditions may be used, including a determi- 



nation of whether a crankshaft position sensor, such as 
the sensor 46, is valid, and whether a camshaft position 
sensor 57 is valid. The PCM 44 can be programmed in ac- 
cordance with the present invention such that all, or only 
some, of these conditions needs to be met to allow the 
engine control routine to continue. Moreover, the PCM 44 
can be programmed with additional conditions to aug- 
ment or replace some or all of the conditions mentioned 
above. When the PCM 44 determines that the appropriate 
conditions have been met, fuel to the engine 12 is discon- 
tinued. The PCM 44 may directly control the fuel supply to 
the engine 12, or it may indirectly control the fuel supply, 
for example, by communicating with an engine control 
unit (not shown). 
[0023] After fuel to the engine 12 is discontinued, as illustrated 
in step 58, the PCM 44 then uses the motor 14 to spin the 
engine 12 at an approximately constant speed, see step 
60. This facilitates determination of the engine position 
sensor correction factors by any convenient method, in- 
cluding those described in U.S. Patent No. 5,117,681. Of 
course, the motor 14 can spin the engine 12 at a variable 
speed, as desired. For example, the motor 14 can spin the 
engine 12 according to a predetermined speed profile, in 



which the engine speed varies with time. 
[0024] After the fuel to the engine 12 is discontinued, and the 
motor 14 spins the engine at some predetermined speed 
or speeds, the PCM 44 then makes two additional deter- 
minations. First, it is determined whether a predetermined 
time has passed, see step 62. This step is programmed 
into the PCM 44 to help ensure that the engine 12 does 
not remain in a defueled state indefinitely, when the cor- 
rection factors are not determined. If the predetermined 
time has not passed, the PCM 44 then examines whether 
the correction factors have been determined, see step 64. 
If the correction factors have not been determined, the 
engine control routine loops back into step 60, and the 
motor 14 continues to spin the engine 12 at a constant 
speed. 

[0025] Although steps 62 and 64 are shown sequentially in the 

flow chart 48 in Figure 2, these steps may occur in reverse 
order, or even simultaneously, depending on how the en- 
gine control routine is programmed into the PCM 44. If 
the predetermined time has passed, or if the engine posi- 
tion sensor correction factors are determined, the PCM 44 
then allows the engine speed to decrease to zero, see step 
66. If the engine speed is allowed to go to zero because 



the predetermined time has passed, but the correction 
factors have not yet been determined, the PCM 44 can be 
programmed to store the information it gathered while 
the engine was spinning at constant speed. In this way, 
the next time engine shutdown is requested, the informa- 
tion previously stored in the PCM 44 will be available to 
augment new information gathered after fuel to the en- 
gine 12 is discontinued. This may speed up the process of 
determining the correction factors. 

[0026] when the engine shutdown request is initiated by the 
driver who turns the ignition switch to the off position, 
the PCM 44 will command the motor 14 to spin the engine 
12 with fuel discontinued for at least the predetermined 
time while the PCM 44 attempts to determine the correc- 
tion factors. Thus, it may be desirable to set the predeter- 
mined time to a very small interval, so that the engine 12 
does not continue to run for too long after the ignition 
switch is turned off. 

[0027] Once the PCM 44 determines the correction factors, the 
engine control routine will still start, but it will end after 
step 52. This will continue until the keep-alive memory 
(KAM) is cleared and the correction factors need to be de- 
termined again. Alternatively, the correction factors could 



be stored in a non-volatile memory so that they are deter- 
mined only once. 
[0028] while the best mode for carrying out the invention has 
been described in detail, those familiar with the art to 
which this invention relates will recognize various alterna- 
tive designs and embodiments for practicing the invention 
as defined by the following claims. 



